INTRODUCTION 32 33
There is increasing interest in the development of bioassays to evaluate the suitability of 34 polluted organic wastes for safe application to soils excluding any ecotoxicological risk. 35
The complex nature of such wastes, especially in the case of sewage sludge, containing 36 a huge number of potentially noxious chemicals (Thornton et al. 2001) , and the 37 limitations of chemical methods to assess their risk to soils (Crouau et al. 2002) favours 38 using a bioassay approach. 39
A wide variety of literature dealing with potential effects on crops of polluted organic 40 wastes is available, mainly centred on sewage sludge, while less is known about effects 41 on soil fauna, a key group in soil agroecosystems (Giller et al. 1997 , Neher 1999 . No 42 harmful effects on soil fauna have been found in field studies using agronomic dosages 43 scarcity of studies shows how incomplete the knowledge on this subject is and is a sign 47 7 2500 g L -1 by addition of pure solvent. Solid matter in eluates was low (5.6, 4.2, and 3% 146 mean values in water, methanol, and dichloromethane eluates, respectively). 147
For the solid-phase assays, toxicity results of F. candida were obtained from Domene et 148 al. (2007) . In solid-phase assays, twelve test concentrations were prepared by mixing 149 dry waste with artificial soil at 0, 1, 2, 4, 7.9, 15.8, 31.6, 63.1, 125.9, 251.2, 501.2 and 150 1000 g Kg -1 . In the eluate assays, the suitable volume of extract was added to the soil to 151 obtain the same test concentrations used in the solid-phase assays, calculated according 152 to the total waste weight initially used to prepare the extracts. In order to ensure the 153 similitude of treatments in the different concentrations, this suitable volume of extract 154 was raised to a constant volume by the addition of pure solvent. The same volume of 155 pure solvent was also added to controls. Then, methanol and dichloromethane soil-156 eluate mixtures were left to evaporate completely for 48 hours in a fume hood at room 157 temperature. For soil-aqueous eluate mixtures, drying was carried out in a stove at 60ºC 158 for 48 hours. Once dry, soil-eluate mixtures were homogenized and deionised water was 159 added to obtain a water content around 55% (w/dw). 160
Five replicates per concentration were prepared, consisting of 125 ml polyethylene 161 sealed containers with 30 g of wet mixture. In each replicate, 10 individuals 10 to 12 162 days old were added together with 3 mg of granulated dry yeast. Containers were kept 163 in the dark at 21±1ºC for 28 days, and were aerated twice a week. Yeast was also added 164 the 14th day of the test. 165
At the end of this period, containers were flooded with water to float the adults and 166 juveniles on the surface. A dark dye was used to facilitate the counting of the 167 individuals, and a picture was taken to assess effects on several endpoints using the 168 image treatment software ImageTool 3.0. From pictures, the number of adults and 169 juveniles per replicate was determined, which were distinguishable by their size. From 170 8 these data, relative survival (100*number of adults in the replicate/mean number of 171 adults in controls) and relative reproduction (100*number of juveniles in the 172 replicate/mean number of juveniles in controls) were calculated. 173
The survival and reproduction of the individuals in the eluate assays were compared 174 with the controls in solid-phase assays using one-way ANOVA in order to detect any 175 adverse effects of the solvents. 176 177
Microtox acute toxicity assay 178
This assay was selected due to its common use in aquatic ecotoxicity and to infer 179 potential adverse effects on soil organisms from soil eluates. Microtox acute toxicity 180 test was carried out by the Sarrià Chemical Institute of Barcelona, according to ISO 181 11348 (1998), and using a Microtox Model 500 Analyzer (Azur Environmental Inc.). 182
The assay is based on the luminescence inhibition of the strain NRRL B-11177 of the 183 marine bacteria Vibrio fischeri. Luminescence is a by-product of its cellular respiration, 184 so any adverse effect on its metabolism is reflected by a loss in bioluminescence. 185
Luminescence inhibition of cultures at 15ºC after 15 minutes of exposure was used as 186 the endpoint. 187
For the Microtox acute toxicity assay, based on seawater bacteria, the eluates have to be 188 applied to an aqueous environment. For this, 2 ml of each eluate were dissolved in 189
Microtox saline solution (2 % NaCl) as indicated in ISO 11348 (1998), to a final volume 190 of 50 ml. For methanol and dichloromethane, previous to this dissolution, 2 ml aliquots 191 were subjected to a continuous flow of nitrogen until complete evaporation of solvent. 192
Then, 50 ml of saline solution was added to the solid remnant and the mixture was 193 sonicated for 1 hour. Finally, the resultant solution was vacuum-filtered in a 0. 45 hormesis, linear and logistic) using the Statistica 6.0 software package (StatSoft Inc.). 234
The choice of the model was based on best fit to data according to Stephenson et al. 235 (2000) . 236
In the Microtox assay, luminescence inhibition values (EC50) and 95% confidence 237 intervals were determined by means of the MicrotoxOmni software (Azur 238 Environmental Inc.). 239
In the D. magna assay, the individual's mobility EC50 and 95% confidence intervals 240 were determined by means of probit analysis using the statistical software package 241 The studied wastes showed varied physicochemical properties and pollutant burden 259 (Table 2 and 3) . Sludge compost showed higher organic matter stability and lower total 260 nitrogen content, with hydrolysable nitrogen and ammonium. Furthermore, composting 261 reduced concentrations of non-persistent organic pollutants (DEHP, NPE and LAS). 262
Thermal drying reduced the N-NH 4 levels and increased its electrical conductivity with 263 respect to dewatered sludge. No important reduction in the pollutant levels was 264 observed, except for DEHP, which showed a slightly lower concentration in the 265 thermally dried than in the dewatered sludges. In comparison to the other wastes, 266 thermally dried pig slurry presented low moisture content, extremely high electric 267 conductivity, was highly hydrolysable and had a high total nitrogen content and a low 268 organic matter stability. 269
Comparison between the concentration of a particular pollutant in the three eluates and 270 the measured "total" concentration in the solid-phase (Table 3) , gives an estimation of 271 the extraction efficiencies of each solvent. Heavy metals were mainly in non-extractable 272 form, as mean extraction efficiency for them was 0 to 4% for any solvent, except for Cd 273 (43%) and Hg (15%) in the aqueous eluates. LAS, PCB, and PCDD/Fs were not 274 detectable in eluates. NPE and PAH were not recovered in aqueous eluates, but were 275 present in the methanol (48 and 37% respectively) and dichloromethane (37 and 24% 276 respectively) eluates. DEHP showed high relative concentrations in methanol (80%), 277 but was particularly high in dichloromethane eluates (246%), in which higher 278 concentrations were found in eluates than in the solid-phase in some of the wastes. This 279 unexpected result could be attributed to a higher extraction efficiency of 280 dichloromethane with respect to the method used for "total" DEHP determination, or to 281 an accidental loss of solvent in the dichloromethane eluates previous to DEHP 282 determination, given the high volatility of dichloromethane. Given that DEHP 283 concentrations in methanol and dichloromethane eluates were correlated with their 284 concentrations in solid-phase, we assumed this result did not invalidate data for 285 correlations with bioassays. 286
As a general trend, individual heavy metal concentrations in solid-phase were 287 uncorrelated with their concentrations in eluates. On the contrary, solid-phase organic 288 pollutant concentrations were generally correlated with their concentrations in methanol 289 eluates (p<0.05 for DEHP, LAS, NPE, and PAH, respectively), and in dichloromethane 290 eluates (p<0.05 for DEHP, NPE, and PAH, respectively), but not with aqueous eluates 291 as no organic pollutants were detectable. 292 293
Bioassays comparison 294 13
Results from the battery of tests generally concord that sludge composts are the least 295 toxic of the wastes studied, both when solid-phase or eluates are tested (Table 4, Figure  296 1). The exception was the Microtox assay using aqueous and dichloromethane eluates, 297 which failed to identify composts as the least polluted wastes. On the contrary, there 298 was no consistent pattern for the most toxic wastes, which depended on the bioassay 299 and the pollutant fraction. This is why no correlations between bioassays could be 300 assay controls compared to the controls of solid-phase assays (data not reported). A 316 significant effect was only found for reproduction in the dichloromethane assays. 317
However, this might be mainly due to intrinsic variability in reproduction in this species 318 (Crouau and Cazes 2003) rather than a toxic effect of the solvent. 319 14 Survival and reproduction were sensitive to solid-phase wastes and eluates, 320 reproduction being affected at lower concentrations than survival (Table 4) . Concerning 321 toxicity differences between wastes, the only general trend was the lower toxicity of the 322 sludge composts for both endpoints and for all pollutant fractions. It is noteworthy that 323 in composts survival was not inhibited, or inhibition was below 50% in all the eluate 324 assays. Furthermore, the aerobic thermally dried sludge did not inhibit neither survival 325 nor reproduction when applied as a dichloromethane eluate, despite its high toxicity in 326 the solid-phase assays. 327
Survival in the solid-phase was positively correlated with that in the aqueous eluate tests 328 (r = 0.927, p=0.023), and also with reproduction in the aqueous and methanol eluate 329 tests (r =0.831 p = 0.041, and r = 0.770 p = 0.043, respectively). On the contrary, there 330 was no correlation between effects on survival and reproduction in the solid-phase tests. 331
Effects on reproduction in the solid-phase and in the eluate tests were not correlated, 332 except for aqueous and methanol eluates, for whom a strong positive correlation 333 (p=0.006) was found. 334 335
Microtox acute toxicity assay 336
V. fischeri was sensitive to solid-phase and eluates of the different wastes, as it provided 337 meaningful toxicity values for each waste (Table 4) . However, the relative toxicities of 338 wastes were not coherent among the different pollutant fractions. Sludge compost 339 toxicity was markedly lower than the remaining wastes in solid-phase eluates and 340 methanol eluates, although this trend disappeared in the other eluates. On the contrary, 341 in the aqueous eluates toxicity was similar for different wastes. 342 343
D. magna acute toxicity assay 344
Mobility inhibition in D. magna was also sensitive to the different wastes (Table 4) 
Comparison of waste bioassays 385
Developing bioassays to assess the safety of polluted organic wastes application to soil 386 is a priority in Europe, given the increased production of these materials and concern 387 about this practice. Selection of such bioassays should primarily be based on their 388 ecological relevance, but also on low experimental and economic costs. Waste eluates were not representative of the chronic toxicity exerted by solid-phase 534 waste. However, aqueous eluates exerted equivalent acute toxicity to that of solid-phase 535 waste in collembolans and daphnids. Therefore, extrapolation to soils of waste toxicity 536 results obtained from aquatic tests using aqueous soil eluates should be only acceptable 537 for short-term assays focused on lethal endpoints. 538
Chemical methods are not suitable for a proper risk assessment of wastes, as no 539 correlation of toxicities with pollutant burden were found neither in the solid-phase, nor 540 in aqueous or dichloromethane eluate assays. The only direct relationships were found 541 in methanol eluate assays between total heavy metal burden and collembolan chronic 542 23 toxicity, and between the total organic and non-persistent organic burden with the 543 Microtox assay. 544
Physicochemical parameters related to organic matter stability were highly explanatory 545 of the acute toxicity observed in collembolans and daphnids in the solid-phase and 546 aqueous eluate assays, but also of the chronic toxicity for collembolans in aqueous and 547 methanol eluates. Ammonium and other water-soluble decomposition end products 548 might be the main explanation for this association. 
